shoot tips. To test the growth responses of pepper shoots in agar medium, one 2-cm-Iong shoot tip from a 30-day-old seedling was culturedin a25 x 150-mm culture tube containing 25 ml MS medium. Cultures were maintained on this medium for four subcultures. Every 8 weeks, cultures were trimmed to 2-cm-long tips and subcultured to fresh medium. The nutrient medium consisted ofMS salts plus (in mg.liter'): 0.5 thiamine HCl, 100 i-inositol, While testing our experimental automated plant culture system (APCS) (Tisserat, 1991; Tisserat and Galletta, 1993b) on the growth responses from cultured vegetable crops, we observed flowering from pepper shoot tips. Because no report of flowering from cultured pepper shoots in vitro has been reported in the literature to our knowledge, we studied this phenomenon further. Flowers produced fruit that exhibited normal developmental patterns.
In Vitro Flowering and Fruiting of Capsicum fruitescens L.
Abstract. Flowering and fruit production were obtained from cultured shoot tips of 'California Wonder', 'Super Cayenne', and' Zippy' peppers grown in a liquid Murashige and Skoog (MS) medium without growth regulators. Thirty-day-old pepper shoot tips, derived from seedlings germinated sterilely, were cultured in a 6-liter polycarbonate container coupled to an automated plant culture system (APCS). Plants were given ten daily, 30-minute, compressed-air applications at 300 ml/minute. These shoots began flowering after an additional 60 to 90 days in culture and flowered continuously thereafter. About 5% to 10% of the flowers set fruit. Maximum fruit size obtained was ...25% to 75% of the size of fruit produced on plants grown in vivo. In contrast, no flowering occurred from shoot tips grown in 25 x 150-mm culture tubes containing agar medium and subcultured every 8 weeks to fresh medium. Immature fruit excised from plantlets grown in the APCS were cultured separately on agar medium containing 0.0, 0.1, 0.3, or 1.0 mg BNliterwith and without 0.1 mg NANliter. Isolated fruit grew best on MS medium with BA only and poorest on medium without growth regulators. Chemical names used: N-(phenylmethyl)-lH-purine-6-amine (BA)j 1-naphthaleneacetic acid (NAA). 
Growth Chamber
Sterile shoot tips were derived from germinated seeds of 'California Wonder', 'Super Cayenne', and 'Zippy' pepper (W. Atlee Burpee and Co., Warminster, Pa.). Seeds were surface-sterilized for 15 min in a 2.6% sodium hypocWorite solution containing two drops of Tween-20 emulsifier per 100 ml solution and then rinsed three times in sterile distilled water. Seeds were germinated on Murashige and Skoog (MS) medium without hormones in 25 x 150-mm culture tubes to provide a source of Received for publication 31 Mar. 1994. Accepted for publication 9 Sept. 1994. Mention of a trademark, proprietary product or vendor does not constitute approval or guarantee of the product by the U.S. Dept. of Agriculture and does not imply its approval to the exclusion of other products that also may be suitable. We wish to thank Ellen Sutter and Pamela J. Weathers for critically reading this manuscript and providing thoughtful comments. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. lResearch Geneticist. 2Microbiological Research Technician. with a white polypropylene screw cap equipped with a single air vent filter and a polypropylene spigot. The APCS was assembled and sealed in a transparent polypropylene bag before autoclaving for 15 min at 103 kPa at 121C. A peristaltic pump transferred 250 ml medium into and out from the culture chamber (Tisserat and Galletta, 1993a) . Medium submerged the glass gravel, soaked the culture once a day for 10 min, and then was recycled back to the original reservoir. utrient media in reservoirs were replaced every 8 weeks. Two digital programmable timers (Intermatic, Chicago), one to initiate the filling and one to initiate the subsequent evacuation of medium from the culture chamber, timed pumping activities. Two weeks after shoot tip planting, chambers were given 30-min air exchanges at aand 10 applications per day via one of the airvent filters. Air exchanges were spaced 2 to 3 h apart by a 24-h on-Qff, multiple, daily programmable timer (Intermatic) and a solenoid valve. Air provided to culture systems was from compressed air, pretreated with a filterdryer regulator, then filtered through a charcoal filter and regulated to a 300 ml·min-1 flow rate with a relative humidity of ".,Q%. These treatments commenced after roots had been initiated and the plants were free of water stress symptoms. All APCS experiments were conducted for 280 days. Isolated immature fruit derived from plantlets grown in the APCS were cultured in 25 x 150-mm culture tubes for 60 days on agar medium containing 0.0, 0.1, 0.3, or 1.0 mg BA/liter with and without 0.1 mg AA/liter.
All cultures were incubated in a temperature-controlled environmental chamber at 25 ± 1C under a 16-h daily exposure to 10 mol.m-2.s-1 using cool-white fluorescent lamps. Flowering and fruiting responses and fruit diameter were measured every 8 weeks. Each treatment was replicated 10 to 20 times and experiments were repeated at least three times. Proportional data were analyzed by Fisher's exact test, and other data were tested by standard analysis of variance and Studentewman-Keuls multiple range test, when appropriate.
Results and Discussion
Shoot tips from all pepper cultivars maintained on agar within culture tubes continuously initiated roots and leaves but failed to produce any flowers even after four subcultures (i.e., 280 days in culture). However, all shoot tips for all three cultivars cultured within the APCS initiated flowers after 100 to 120 days in culture (Fig. 2C) . Once initiated, flowering from all cultivars was continuous for the rest of their 280 days in culture. Plantlets grown in the APCS were 250 to 300 mm long and initiated 24 to 36 leaves before flowering. Periodic air exchanges enhanced flower production and were necessary to obtain fruit (Table 1) . A single plantlet carried 8 to 20 flowers; however, only 5% to 10% of these flowers produced immature green fruit, 2 to 3 mm in diameter. All flowers that did not set fruit abscised. About 30% to 50% of the set fruit abscised within the next 10 to 30 days. Some (5% to 10%) of these abscised fruit continued to develop and enlarge to >4 to 6 mm in diameter on the surface of the glass gravel and remained green for :530 days after their abscission before browning and dying.
Finally, only a single mature fruit was retained per cultured plantlet (Fig. 2B-E) . Fruit that were retained on the plantlets enlarged considerably and grew normally, changing color from green to red, manifesting the senescence process. Fruit grew 25% to 75% of the size of fruit derived from field-grown plants. For example, the diameter of in vitro 'California Wonder' pepper fruit, around fruit, reached 75 mm, but in vivo diameters were 95 to 100 mm. 'Zippy' and 'Super Cayenne', elongated fruit, grew 50 mm and 70 mm long in vitro; those in the field grew 150 and 100 mm long (Burpee Commercial Catalogue, 1991) .
The morphogenetic response of excised fruit was studied. Immature fruit were excised from the flowers obtained from plantlets produced in the APCS and were planted on agar medium containing various growth regulator concentrations. Fruit survived better when grown on medium containing 0.3 to 3.0 mg BA/liter than on BA with 0.1 mg AA/liter or on medium without any growth regulators (Table 2) . Fruit initially 2 to 3 mm in diameter reached 10 to 15 mm in diameter ( Fig. 2A) and changed from green to red after 60 days in culture.
Flowering is considered a complex process regulated by environment and internal plant factors, and its occurrence in sterile culture is relatively rare. However, in vitro flowering has been reported for several species (AlKhayri et al., 1991; Banko and Stefani, 1991; Dickens and Van Staden, 1985) . Using the APCS described here, flowering in pepper was readily initiated, although no flowering occurred in the culture tubes. Within the APCS chamber, plantlets reaching lengths of 250 to 300 mm initiated flowering; in contrast, plantlets rarely grew 100 to 125 mm long within the culture tubes. This observation suggests that plant size is important to the flowering processes.In addition, air head space volumes, air exchange, and nutrient medium volumes also may influence the flowering process in vitro.
We attribute factors responsible for flowering and fruiting in pepper to the physical 
